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Foreword

‘e A special study was conduc%ed to determine the ambient
trapped particle fluxes incident oan the IUE (SAS-D) satellite.
Several synchronous elliptical and circular flight paths

were evaluated and the effect of inclination, eccentricity,

L and parking longitude on vehicle encountered intensities

A was investigated. Temporal variations in the electron en-
; vironment were consider<d and partially &  unted for.,
Magnetic field calculations were performed with a current
field model extrapolated to a later epoch with linear time
terms. Orbital flux integratjons were performed with the
latest proton and electron environment models using new
improved computiitional methods. The results are presented
in graphical and tabular form; they are analyzed, explainead,
and discussed. Firally, estimates of energetic solar proton
fluxes are given for & cne year mission at selected integral
energies ranging from 10 to 100 MeV, calculated for a year

of maximum solar activity during the next solar cycle.
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Introduction

The objective of the present study is to evaluate the charged particle

fluxes to be encounterec by a spacecraft in a synchronous orbit,
specifically as applied to the IUE (SAS-D) mission. Because syn-
chronous orbits have certain charazteristics entirely their own,

some general cbservations are in order.

Circular geosynchronous (geostationary) trajectories are flight
paths with a periodicity of exactly 24 hours; this fixes their al-
titude to about 5.6 earth radii. Satellites in such orbits are
co-rotating with the geoid, as 1f rigidly attached. When the tra-
Jectories 1ie in the equatorial plane, the s;tellites appear to be
stationary in geocentric space (over the equator) on a meridian
which i3 determined by their injection conditions. This position

is called the parking longitude. If the plane of the circular orbit
is tilted away from the equator, the trace of all subsatellite points
(geocentric projections) on the earth's surface form a figure “eight”
with its node at the parking position and its exis of symmetfy
aligned horizontally in the north~south direction (normal to the
equatox) . When inclination is increased, the size of the projected
trace (figure eight) becores larger, probably reaching its max{imum

for polar orbits.

Of course, it is possible to kave a mynchronous trajectory which

is elliptical rather than circular: in fact, the only requirement

for any trajectory to be considered syuchronous is that it have a

(PRI
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period of éxactly 24 hours. However, there are three important

consequences associated with elliptical synchronous trajectories:

1. A wide range of altitudes is visited; perigee lies deeper in the
high intensity regions of the outer zone trapped electron and
low-energy proton belts, while apogee is nearer to the magne-~

tospheric boundary of the trapping regions.

2. Spacecraft velocity is smaller at apogee and greater at perigee,
causing the satellite to spend more time in regiuns of space

lying above synchronous altitude, and

3. Because of these variations in velocity, a range of longitudes

extending symmetrically about its parking meridian are covered.

The degree to which these events take place depends entirely on the
eccentricity of the orbit. More eccentric orbits experience the
described effects to a greater extent. Some relative quantitative

evaluations will be given in subsequent sections of this report.

Incidentally, the surface fraces of synchronous elliptical trajec-
tories with inclination 1=-0° (equatorial orbits) are straight lines
on the equator, whose lengths depend on the eccentricity of the orbit.
For inclinations i> 0? the elliptical surface traces form again the
familiar figure "eight" patterns, previously discusced for the cir-
cular orbits, with their nodes also at the parking positions, but

in contrast to the circular cases, their symmetric axes are azimu-
thally tilted towards the equator. Thé tilt of the axes and the

area enclosed by the traces are functions of orbit inclination and
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eccentricity.

In order to determine the effects cf:
. (a) eccentricity
(b) inciination, and
{c) parking positdon
on the mission integrated trapped particle fluxes encountered by
synchronous satellites, three inclinations and three parking lon-
gitudes were selected for study, namely:
Inclinations = 0%, 30°, and +5°
Longitudes = 110°E, 290°E, 310°E
For all combinations of these conditions, circular as well as el ip-

tical trajectories were then investigated.

Some comments are necessary at this point in regards tc the two
new electron environment models used in the flux calculations: The

AES for the inner zone (1.1< i< 2.8) by Teague and Vetie, 1972 and

the AE4 for the outer zone (2.8<L<11.) by Sinzley and Vette, 1972.

Both are static models describirg the environment as it existed

back in October 1967, at about solar maximum conditions. In con-
.8tructing these models it was possible to inf=2r a change nf the ave-
rage quiet-time electron flux levels as a function of the solar cycle.
However for the regiéns of space covered py'the various-orbits in
this study there are no appreciable changes in the time averaged

flux.

Additional static versions of the AE5-AE4 models for the 1964 solar

minimum opoch have just been released and will be incorporaced into

;h&.-m.-m.‘.__...--_,




the "Unified Orbital Flux Integration and Analysis System" for

future applications (Stassinopoulos,and Gregory, 1973).

-

The IUE launch date of 1975.5 will occur very near to solar minimum
and the satellite will spend its early lifetime with a low proba-~

bility of encountering large solar proton flares.

Another important feature of the synchronous electron eavironment
is the strong local time dependence of the ambient particle fluxes.
The local time variations for high erergy electrons (1-3 MeV) at
synchronous altitudes (L~5.6 e.r.) exceed one order of mapnitude.
These variations ave due to the distortion of the magnetosphere
caused by the solar wind (compression at local noon, elongation

at local midnight).

Theoretically, the new outer-zone AE4 recognized this dependence

and accounted for it by incorporating an analytic function for its
calculation. However, the version distributed in card deck form
for practical applicetion purposes provides fluxes which are ave-
raged over local time. The reason behind this simplification is that
most users employ the model in orbit- or time-integration processes
to missions which have durations of 6 months or more and the local
time effects would be averaged out anyway, Her.¢, in order to save
time, core, and effort, a local time averaged value, which is nearly
equivalent to the fluxes at the dawn meridian, was inserted into

the model in place of the anaiytic function.

The consequence of this simplification on circular ernatorial syn-
chronous. orbits (that is, orbits lying on consiant L-shells) is

irsignificant as long a8 complete periods ( = revolutions = 24-

L
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hour intervals) are being considered. But when the circular syn-
chronous orbits are inclined or when the synchronous orbits are
elliptical (for any inclination, including equatorial), the results
conceivably could be biased for very short term missions or for

the flux encountered in a transfer orbit because the vehicle briefly
passes through varying L-~shells at different local times, without
spending more than a fraction of its period at any shell: the averaged
flux values yielded by the model for these transit positions may

be off (up or down) by as much as a factor of 7, depending on the
particular conditions. Since such trajectories have an effective L
range from about 5.5 e.r. to about 22.C e.r. and since the rolative
shelil-related intensities over this L range vary by several orders
of magnitude, a significant intrinsic uncertainty is associated

with these results for short term missions. However, for long term
missions chere local times are encountered fairly uniformly, the
local time avsraged fluxes are appropriate. The effect of this pos-
8ible error for short term migsions i3 reflected in the uncertainty

factor given for the electron data in Appendix A.

In contrast to the electrons, no special considerations are required
for the proton results obtuined from standard models long in use.
Although they describe a static environment, this is a valid repre-
sentation for these particles because experimental measurements

have shown that no significant changes with time have occurred in
the proton population. With the exception of tane fringe areas of
the proton helt, that s, at very low altitudes and at the outer

edges of the trapping region, the possible error introduced by the
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static approximation lies well within the uncertainty factor attached
to the models. Consequently, the proton data may be applied to

any epoch witiuout the need for an updating process.

¥e wish to emphasize that our calculations are only approximations
although they are based on the hest available data: as always.

we strongly recommend that all! persons receiving parts of this report
be advised anout the uncertainty in the data. as discussed in Appendix

A.

Appendix A also contains pertinent information on units, field models.

trajectory generation and conversion, etc.

Finally, an uxplanstion regarding the attribute “standard”, frequently
used in the reformatted OFI (Orbital Flux Intepgration) Study Reports.
The term is applied as a modifier to parameters, coastants. or var=
iables in order to indicate or refer to some specific value of these
quantities that had been used without change over extended periods

of time. Although override possibilities do exist in the OFI system.
a routinely submitted production run will, by default option, always
use these "standard” values., The term i3 also used in reference

to established forms, style, processes, or procedures, as for example.

“standard tables”, "standard plots”, “"standard production runs".

- etc., A 1ist of some quantities, values, or expressions modified by

"standard” is given in Table 1.

T b b R b s 0 L e
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Results: Analysis and Discussion

The ocutcome of our calculaticns is summarirzed in Tahles 3 to

92, which are all computer prnduced. The tables are arranged

in four sets, where every set periaina to one specific type of
table: the firsi set contains the "L-band” tables, the seconc the
“Spectral Distribution and Exposure Index” tables. the third the
tables of "Peaks”} and the fourth the “Exposure Analysis” sumnary
and the “"Time Account'" breakdown. All sets except the last contain
two similar members: one for low enerpy protons, and one for
celectrons, in that order. The last contains only one member.
No high energy protons of the trapped particle variety exist in
the regions of space visited by synchronous satellites, hence no
tables. Further explanations on the tables and a more detriled
description of their contents is given in Appendix B. Figure 2

is a guide to table arrangement. as produced by a standard produc-
tion run of the Orbital Flux Integration (OFI) progran UNIFLUX,

for a single trajectory.

Some of the tabulated data is also computer plotted in Figures
3 to 74, with additional Fipures 75-110 containing plots of flight
path data., Finally, Figure 111 shows the unaftenuated interplanetary
solar proton spectrum at 1 A.U., applicable to all trajectorics
considered in this study. As with the tables, the plot; a2ie arranged
in four sets, where each set pertains to one specific type of plot:
the first set contains "Time and Flux Histograms”, the second

7
s Ommitted: not applicable
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“Spectral Profiles", the third “peaks per Orbit"? and the fourth
trajectory '"World Map Projections" and "B-L Space Tracings'". Again,
all sets except the last contain two similar members: ore for each
type of particle encountered. The last set contains two independent .
members. Appendix C describes and explains the plots. Figure 2

is a guide to plot arrangement, as produced by a standard production

run for a single trajectory. The final, single, concluding plot

(Figure 1) is explained ir the section on "Energetic Solar

Proton Fluxes™.

* Ommitted: not applicable
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Spectral Profiles

For tabulated data consult Tables 39-=74.

For plotted data consult Figures 39-7%.

The 1integral spectra presented in this report are orbit integrated,

statistically averaged, trapped particle spectra, characteristic

of the specific trajectories that produced them.

I{ should be noted that of the trapped particle species. only elec-

trons and low energy protons exist at synchronous altvitudes: that

is, the synchronous environment is cumpletely devoid of trapped

high energy protons,

A comparison of the available data reveals that:

a)

c)

elliptical trajectories encounter more particles than circular.

ones; this is valid fcr all inclipations and parking positions

considered,

equatorial orbits experience greater intensities than inclined

orbits; this holds for all eccentricities and parking positions

investigated, and

parking longitude hags little effect on mission inteyrated

fluxes; this is true for both circular and elliptical orbits
and applies to all inclinations: tie maximum difference in

flux levels due to any parking lougitude variation is not likely
to exceed 30%. In regards to the electrons, the error intro-

duced by neglecfing this change is insignificant, in view of



. the very large uncertainties associated with the data (about

a factor of 5 ).

These conclusions apply equally to electrons and protons and they

inciude all energies.

A useful corrolary may be stated: the best synchronous trajectory
in terms of radiation hazard is circular and inclined, the worst
elliptical and equatorial. The difference between worst and best

over the range of inclination and for the eccentricity used in the

study, is about a factor of 4.

10
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I1. Trajectory Data

See Figures 75-92 for World Map Projectaions.

! See Figures 93-110 for B-L Space Tracings.
A. VWorld Maps

World map projecticns of trajectories are by definition the :

{; surface traces of their subsatellite points.

Projection: of synchronous equatorial corbits, circular or
elliptical, display no salient features; they appear on the
equator as a point or a straight line, respectively. See

N Figures 75-77 for circular and Figures 84-~86 for ellip-

tical flight paths. . a

“ Inclined synchronous orbit projections display characteristic

i butter€ly patterns, the figure "eight” tracings discussed in "

“t
T

a previous section, whose axes are tilted for elliptical tra- K
Jectories, and vertical for circular flight paths (Figures

87-92 and 78-83 respectively); for orbits with a prograde

inclination, the tilt is in the SW to NE direction, forming

an angle with the equator which, when measured in a counter- f
. ' clockwise sense, is zero degrees tor the isQo orbit, about %

520 for the i~30° orbit, and about 56° for the 1=-45% orbit. |
. 'Obviously the tilt of the axis is not a linear function of in-

clination, as shown in Figure 112
The area enclosed by the surface traces increases perceptibly

11
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when orbit inclination is raised.

The "longitudinal spread" of a surface trace is the greatest
longitudinal displacement about a central position(parking
longitude) achieved during onc¢ complete revolution (=one period);
it is a function of eccehtricity and inclination:

at a given eccentricity it is always minimum for equatorial
trajectories and it increases when inclination is raised, pro-
bably reaching its maximum for polar orbits. This last assump-

tion has not been tested.

Specifically, the total longitudinal displacement of the cir-
cular synchronous orbits is less than 3° for the equatorial
trajectories, goes up to about 9°2 for the i=30° flight paths,
and reaches almost 20° for the 1=45° orbits. Tre displac;ment
of the elliptical trajectories (generated with that special
eccentricity) 1s much greater to begin with (about 130 for
1=0° ), but over the inclination range considered in the study
(OO_{-.- 1= 450 ), it displays almost the same variation as in
the circular cases, that is, about 15°. Corresponding curves

for circular and eccentric orbits are depicted in Figure 112.

The effect of parking position on either tilt, area enclosed,

or longitudinal spsead is imperceptible.

12
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Magnetic Dipole Mapping

At the geocentric distances of synchronous orbits, the quantities
B and L have no physical meaning any more because of the inter-

action between solar wind and magnetosphere.

The noon-midnight distortion of the magnetosphere, produced

by that interactign (compression in the solar and elongation

in the antisolar direction), causes a breakdown in the symmetry
of the dipole magnetic shell parameter L and introduces signif-
icant external cur::znts and fields, whose contributions sub-
stantially alter the apparent field strength B at a given syn-
chronous position, that is presently obtained from the dipole

terms of the internal field model applied in the calculations.

Therefore, in this ~tudy {(as well as in every mcdel of charged-

particle radiatjon utilized). these variables are being employed

only as ordering parameters.

The magnetic B-L-gpace tracings of the equatorial synchronous
trajectories appear as small (circular orbits) or large(ellip-
tical crbits) line segments on the plots (Figures 93-95 and
102-104, respectively), running parallel to the contour of thé
magnetic dipole equator, but removed from it by a finite dis~

tance corresponding to the magnetic latitude of the parking

position,

This displacement occurs because the magnetic dipole axis is
tilted to the earth's axis of rotation by an angle of ahout

11.4 degrees. Hence, positions on the geograzphic equator may
13
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be displaéed from the geomagnetic equator by that angle, at
most. If the barking longitude coincides with the nodes of
the two equatorial planes, the trace should be tangent to

the equatorial contour in the B-~L plots.

The length of the traces is a measure of the B and L vari-
ations encountered on a particular trajectory. The rela-
tively stationary circular orbit has the shortest trace,
while the osciliating elliptical orbit indicates by the
length of its trace that a substantial change in these

parameters occurs during one revolution.

The selection of a different parking longitude has no effect
on the magnitude of the L-interval covered by the trace

but it changes slightly the B-intervai (maximum variation
between smallest and largest interval appears to be less
than 10%) and shifts the position of the trace relative

to the equatorial contour, both in B and in L.

Particularly interesting may be the apparent traversal

of jidentical volumes of B-L space, with identical gradients,
in the ascending as well as the descending portions of the
elliptical flight paths; this is clearly indicated by the
overlap of the corresponding tracing segments in Figures

102 and 103 for the two parking positions at 110° and 290°

east longitude.

It appears that this symmetry does not prevail everywhere

along the geographic equator, as i8 indicated by the

14
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separation of the re‘pectiveAtracing segments in Figure 140 for

- the 310° east longitu-e position.

As would be expected, the tracings of inclined synchronous

trajectories extend over large B and L ranges.

Incidentally, al: inclined orbits (any eccentricity) cross the
magnetic equator twice per period at the points where the trac-

ings touch the equatorial contour.

The inclined circular orbits display a similar volume symﬁetry
(flight path overlap) as that observed for the equatorial cir-
cular orbits, discussed above, in this case however it holds

for all selected parking positions.

The inclined elliptical orbits strikingly reflect the 1lccal
geomagnetic geometry conditions prevailing at each parking posi-
tion. For example, clearly distinguishable is the portion of
the flipght path that lies south of the magnetic equator from

the portion north of the equator; the former is the "inside”
contour, the latter is the "outside'" contour in Figures jgo5-
110. A schematic presentation of geographic polar and geomay-
netic dipole geometry, relating to inclinec synchronous orbits

- (circular and elliptical), is given in Figureils .

15



Energetic Solar Proton Fluxes

Good neasurements of solar cycle 29 interplanetary cosmic rsy
fluxes at about 1 A.U., are now available. These interplanetary part-
icles are also observed over the high latitude polar cap regions.
However, at other latitudes the geomagnetic field effectively sh’elds
the earth from some of these cosmic rays by deflecting the lower
energy particles while only particles with increasingly higher

energy penetrate to lower latitudes.

In order to consider the effe 't of geomagnetic shielding from
cosmic rays on an orbiting spacecraft, the total time spent by the
vehicle in regions of space accessible to these particles bas to be
calculated, as a function of particle energy, for the entire life-
time of the satellite. In otier words, the exposurv of a spacecraft
to these particles is in essence a function of trajectory sltitude
and inclination, and mission duration. Of course, this applies
only to the years of increased solar activity3and whether a satellite
will "see" energetic solar protons or not,even in accessible regicns
of the magnetosphere, depends on the epoch within the solar cycle,
at which the mission is to be flown, If it coincides with the
period of low solar activity (years of solar minimum), it most
likely will not encounter any significant number of energetic solar

protons, and vice versa.

Having calculated a mission related exposure time for a specific

trajectory, one can use experimentally determined low energy cosmic

16
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ray fluxes of solar origin from which the galactic background has
been subtracted, to obtain vehicle encountered energetic solar proton
intensities. In the present study, the annual mean of event and

cycle integrated proton fluxes of cycle 20, given by Stassinopoulos

and Fing (1973) for energies ranging from E ™ 10 Mev to E ™ 100 Mev,
were used to estimate cycle 21 intensities on the IUE (SAS-D)

mission.

However, no thorough statistical treatment has yet been worked
out in regards to the probability of actual cycle 21 fluxes exceedin~
the predicted intensities., Crude model confidence levels only are
available at this time. The importance of such statistics must
be emphasized; it is best demonstrated by the occurrence of the
August 4-7, 1972, event, which.was the largest recorded in solar
cycles 19 and 20, its fluxes exceeding the accumulative total of
all other cycle 20 events by about a factor of 2 for the E » 10 Mev
protons and by a factor of 4 for the E »30 and E » 60 Mev particles.
Therefore, caution is advisable when using the data presented in this

report.

The probability that the estimated fluxes for the IUE (SAS-D)

migsion will be exceeded by an actuval event, is about 33% for a

" one year mission duration.

Figure 111 shows the annual, omnidirectional, integral spectral.
profile of the vehicle encountered energetic solar proton fluxes

in units of particles per square centimeter.

The reason only one curve appears on this graph is because
all eighteen investigated trajectories remain completely outside

17
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the magnetic dipole shell of L=5 e.r. and, consequently, experience
no magnetospheric shielding effects; that is, they all encounter

the same 100% exposure to energetic solar protons,

Note : these fluxes apply only to missions planned for periods

of increased solar activiiy, It is not expected that solar-min

missions will encounter energetic scular protons of any significance:

at least, it is very unlikely (but not impossible) to have a major
event occurring during the years of minimum solar activity. The
1975.5 IUE mission will be launched during solar min.mum but if the
operating lifetime 1s a couple of years then the probability of

encountering some solar protons is high.

18



The Local-time Drift of Synchronous Satellites

At any instant during a day, the parking position of a synchronous
satellite can be temporally referemnced by its "local time", where
geographic local time LT of a position is defined as the sum of

universal time UT and the position's longitude, converted to hours.

Now, when the local time of a synchronous spacecraft, LT;. is conm-
pared to thé local time of its parking position, LTp, the satéllite
appears to oscillate in local time over the duration of a period,
alternately advancing ahead of and falling behind the corresponding
L'I‘p value by some finite amount of time, whose magnitude is a func-
tion of orbit eccentricity and inclination. At the completicn of

a period LTg = LTp.

Obviously, this cyclic phenomenon arises out of the difference in
the rotational velocity of the spacecraft relative to the rotational
speed of the geoid. This difference in velocity manifests itself
also as "longitudinal spread”, an equivalent concept discussed ear-

lier in the study.

With the exception of circular equatorial orbits, all synchronous

trajectories (whether circular, elliptical, equatorial, or inclined)
are affected by this "local-time drift " (LTD). Values of LTD for

the selectad inclinations and eccentricities are given in Figure 114,

A final note: the LTD discussion applies equally to magnetic local
time considerations. In fact, LT is a good approximation of magnetic
local time for low latitudes («<50°), assuming that the dipole axis

is parallel to the axis of rotation.
19
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APPENDIX A

General Background Information

For the selected IUE(SAS-D)flight paths, orbit tapcs were generatsd,
with a constant integration stepsize of two minutes, and for a 24 hour
flighit duration each. Since all the orbits are geosynchronous, this

tize interval is adequate for a sufficient sampling of the ambient en-
vironment. (For more details see section: ‘'Resuits, I. Trajectory Data.")
For the following nine combinations of inclination and parking positien,

circular and elliptical trajectories were thus produced:

Incl. Parking Longitude

0%) L10°E  290°E 310°
300 )
459 )

The orbits weve subsequently converted from geocentric polar into
magnetic B-L coordinates with Mcllwain's INVAR Program of 1965 (Hassit
and Mcllwain, 1367) and with the field routine ALLMAG by Stassinopoules
and Mecad (1972), utilizing the IGRF (1965) geomagnetic field model by

Cain and Cain (1971}, calculated for the epoch 1975.5.

Orbital flux integrations were performed with Vette's current models of
the environment, the ncw AES-AE4 for the inner and cuter zone electrons,
the AP6-AP7 for high energy protons, and the APL for low energy protonms.
All are scatic models which'do not consider temporal variations; this
includes the new electron models, at least as far as the present cal-

culations are concerned. See text for fuirther details on this matter.
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The documents that describe these models are listea below:

Model

AE4 Singley and Vette, 1972
AES Teague and Vette, 1172
APS King, 1967

AP6 Lavine and Vette, 1569
AP7 Lavine and Vette, 1970

The results, relating to omnidirectional, vehicle encountered, integral,
trapped particle fluxes, are presented in graphical and tatular form
with the followirg unit conventions:

1. Daily averages: total trajectory integrated flux

averaged into particles/cm? day,

2. Average instantaneous: time integrated average, charuc-
teristic of the orbit, in particles/
cm? sec,

3. Totals per orbit: non-averaged, single-orbit,

integrated flux in partcicles/cm?
orbit, and

4. Peaks per or'it: highest orbit-encountered instan

taneous flux in partirles/cm® sec,

where one orbit = one revolution.

Please note: we wish to emphasize the fact that the data presented in
this report are cnly approximations. We do not believe the results to
bte any better than a factor of 2 for the protons and a factor of 5

for tho electrons, It is advisalle to inform all potential users about

this uncertainty in the data.
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APPENDIX B

Description of Tables

3) The L-band Tsble!

The table contains 36 L-bands L1 of ‘equal size, covering the range frou
Lx1.,0 to L= 8.2 earth radii in constant increments of .2 ecarth radil.

Por the L-intervals determine in this wsy, orbital spectrai functions

i-l » 36 (l)

NCE,Ey;-y) = {E kam] Li/{g J;(C>E,.-;B)]L

are ottained at nine srbitrary energy levels such that the integral
spectrun is equal to 1 for E « EN, where EN was taken to be .1, S.,
and .5 Mev for low energy protons, the high energy protons, end the
electrons, respectively. The notatioa L1 is used to indicate the
L-band fros Li to Li‘l' while J(>E;B) is the integral, omnidirectional
flun yielded by the snvironment model used in the calculation. The

spectral functions N are evaluated for the total flight tiwme simulated

in the study, where the summing index k sslects all trajectory points

iying in each Ll'

The corresponding orbital distribution functions, representing fluxes

ebove energy EN' are given by

o . ‘
P(E;L,) = At[[ Jk(>B;B)] )]
k L :

where At is the constant time increment of orbit integration, whose

B-3



standard value is 60 seconds., The distribution functions are fluxes
accunulated in their respective l.1 bands over the totsl flight period

considered.

The orbital distribution functions are listed on the table at the bot-
2

tom of each Leintorval and are labeled "NURMPLUX". The nine integrsl

energy levels selected for the low and high energy protons and for

electrons are given below in units of "Mev" for all particles:

Protons Electrons
Low High
.1* 3, 0
.S 54 .5*
.9 10. 1.0
1.1 15. 1.5
lls 20. zlo
2.0 25. 2.5
2.5 30. 3.0
3.0 50. 4.0
3.5 100. 5.0

where the normalization energy is indicated by a star (*).

b) The Spectral Distribution and Exposure Index Table:

This table has three parts:

I. The spectrum Yj(AE) given in § for energy intervals that cor-
respond to the energy lovels of the previocusly discussed
table (L-bands), with two special colwans showing the trtal
orbit integrated flux for these energy intervals averaged

into instentencous I3 end daily x§’ intensities

3-2
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: ) )
gme) = 100 FOE 31,9 )
where
ko
F(>E,) = C J, (CE, ;8,L)At {4)
D %o
xj (AE) = C hg‘lm{.rkpsj;s,x.) - Jk(>x’,l;a.x.)} (s)
13 ) = x;’cm /86400 (6)
c-# , 7. Kyt f=1,36

and where ko is the upper limit of k. It is equal to the totszl

number of tisme increments considered in the study.

II. The composite orbit spectrum for integral energies, giving the
total vehicle encountered fiuxes averaged into daily s” (>zj)
and per second ' {>E.) intensities for 15 discrete energy

b1
devels:
T ,
s"oaj) = et } 3 0F) j=1,15 ¢))
=0
s’pzj) - s"pnj)/aaoo (0

vhere the suasation is perfcrmed for the entire simulatzd ajssion

duration T and includes all fluxes with energies greater than B‘.

-3
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A

f’ III. The exposure index, given (for the normalization energy used
in the L-band table) at nine successive intcasity ranges R“
one order of magnitude apart, in terms of exposure duration
T(RnJ, couverted to hours, and total number of particles
0(>EN;Rn) accumulated while in that intensity range., The

- notation !{n is used to indicate the intensity range from

rn to l‘n.l-

nnl,9
$0OEGR ) = T(R ) 8(>E, ;R )
(EN n T ") ¢ ") thrncr‘rml
8(E, ;R ) = JOE,;x) (10)
N''n [{ N ]Rn/ %
(11)

r(nn) = At L

where { is the upper limit of £ in each R..

¢) The Table of Peaks:'

In this table, the absolute instantaneous peak flux encountered during
each successive orbit (revolution) is listed for the indicated cnergy
range. There are nine columns on this table. Columm 1 is an orbit
counting device, based on the period o: the orbit when the trajectory
lies in the equatorial plane and is circular, on the physical perigee
in sll elliptical cases, and on the oquatorisl crossing for circular

inclined trajectorios. Column 2 gives the peak flux. Columns 3, 4, and §

B-4
*onmitted 1 Not applizable to synchronous orbits
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indicate the spacecrsft position in geocentric coordinates at which the
peak wss encountered, while columns 6, 7, and 8 determine respectively
the time snd the magnetic B-L coordinates for this event. It should

bo noted that all simulated flight paths for the purpose of orbital
radiation studies start at to = 0 hours. PFinally, the last column in-
dicates the total flux encountered during that particular orbit. It

is advisable to disrcgard the last 1ine on this table because many times
that orbit is incomplete and the fluxes or positions shown do not cor-

respond to true peaks.

The Exposure Analysis Summary:

The summary is contained in tho left half of this last tabla of each set
as o semi-independent and separate table. It indicates what percent of
its total lifetime T the satellite spends in "flux free" regions of
space, what percent of T in "high intensity'" regions, and while in the

latter, what percent of its totai daily flux it accuusulates.

In the context of this study, the term '"flux free" applies to all re-
gions of space wiiere trapped particle fluxes are less than one preton or
electron per square centimeter per second, having energies E > .1, E > §,,
and E > .5 Mev for the low energy protons, the high ene., protons,

and the electrons, respectively; by definition, this includes all re-
gions outside the radiation beits. The concept of "traped particle
fluxes” is meant to include stably trapped, pssudo-trapped, and trans-
ient fluxes, as ‘ong as they are part of or contained in the enviromment

models used and, in the case of transients or pseudos, their sources
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are considered powerful enough to supply them frequently in sub-
stantial numbers,.

Similarly, we define as "high intensity" those regions of space where
the instantaneous, integral, omnidirectionsl, trapped-particle flux
is grester than 10° protons with energies E > .1 or E > §. Mev, and

greater than 10% electrons with energies E > .S Mev.

The values given in this table are statisticel averages, obtained over
extended intervals of mission time., However, they may vary signifi-

cantly from one orbit to the next, when individual orbits are considered,

The Time Account Breakdown:

The breakdown of orbit time is given in the right half of the last table
of every set, in the same semi-independent form as the sumary. The
table shows the total lifetime spent by the vehicle in the inner zone
'l'l (1.0 < L 5 2.5) end the outer zone 7° (2.5 < L £ 7.0) of the trepped
particle radiation beit, and also the percent duration spent outside
that region (L > 7.0), which is denoted by 7° (T-external), such that

for eny mission
TeT +7°¢7° = 1008.

" The confinement of the outer zone within the boundary of the L « 7.0

volume is arbitrary and has no physical meaning. It is intended only
as o sisplification to facilitate our calculations. The region con-
sidored "external" (L = 7.0) in this study is still partially a domain

of the outer zone, at least as far out as L = 11.0 earth radii, sccorde
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ing to the latest electron models (Singley and Votte, 1972),

A last item on this table: the innor zone time Ti may be subdivided
into two parts: the percentage of time spent outside the regicn

(1.0 < L £ 1.1) and inside the region (1.1.< L < 2.5).

Ba-7

Bames e



LN

\

B e oo P P S o

APPENDIX C

Description of Plots

a) The Time and Flux Histogram:

b)

This plot shows two curves superimposed on the same graph, namely, one
each for the variables "time" and "flux'. Both are given as functions
of the psrameter L (earth radii) within the range 1 - L ~ 7, on a semi-
log scale. The plot depicts: (1) by a plain curve the characteristic
trajectory intensities as obtained from the orbital integration process
in terms of averaged, integral particle fluxes above a
given energy, over constant L-bands of .1 earth radius width, and

(2) by a contour marked with symbols the percent of total lifetime (5T)
spent in each L-interval. The logarithmic ordinate relates to the time-
flux variables. The printed numbers are powers of 10 and pertain to the
fluxes; the scale values for the time curve are given‘ in the upper part
of the ordinate lsbel: from 10~> to 10° percent of T, The type of
particles, their integral energy, and the units, are all given in the
lower part of the lsbel. The label on top of the graph lists some useful

information about the trajectory.

The Spectral Profile:

A graphical presentation of the final spectral distribution, obtained
from the orbital integration process. The plot is a semi-log graph,

whers the abscissa is a linear energy n;-lo for irfgggal particle energies
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E, in Mcv, and the ordinate is & logarithamic scale for the orbit inte-

grated fluxes, given in daily averages for energies greater than §,;

the printed scale vslues are powers of 10,

' ™
€) Peaks per Orbit:
Here the sbsolute peak intensities, exncountered per period, are plotted

for the duration of the total flight time considered (1 period » 1 revo-
lution » 1 orbit). The logarithmic ordinate relstes to instantancous

particle fluxes of the envircnement at the indicated c.aergy threshold,

while the abscissa is s linear orbit enumeration.

d) World Map Grid Projection of Orbits:

The trajectory is plotted for several revolutions on s global map
produced by a Miller Cylindrical Projection. The contours of the con~

tinents have been omitted for clarity. Tne positions of either equatorial

crossing, of physicel perigee, or of period commencement are indicated
by numbers identifying che orbits shown in this graph. For sll trs-
jectories, the distance between successive sequential numbers is &

mcasure of the orbit precession.

@) B-L Trace of Orbits:

This plot shows a trace of the trajectory in B-L space on » semi-log
scale. Several orbits are ususlly depicted, each identified by its
sequential nusber. The megnetic equator is entered on all plots. The
logarithaic ?N;uato- relates to the field strength B in gauss; the

¥
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1.

2.

S

4.

S.

6.

TABLE 1

Partial Listing of "
Paramcters, Constants, Variableos, or Exnressions

designated ss "standard" in the toxt

Standard Taebles: set of tables as listed in Figure 2, in the
rogular format described in Appendix B,

Standard Plots: set of plots as listed in Figure 2A, in the
Tegular format described in Appendix C,

Standard Production Run: a production run processed on
default options.

Standard Integration Stepsize: constant time increwent of
orbit integration: 1°(60").

Standard Energies: low caergy protons E > .1 Mev, high
energy protons E > 5. Mev, and electrons
E > .5 Mev,

Standard Procedure: established procedure normally followed
vs. procedure followed in special cases.
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w TABLE 2

B and L Extrema of Synchronous Trajectories

Parking Longitude: 110° 29¢’ 310°

% B-Range L-Range B-Range L-Range B-Range L-Range

v (Gamnas) (e.r.) (Gammas) (e.r,) (Gammas) (e.r.)

Elliptical: '

0727952-43615 69-214 5.56-8,13 66-203 5.72-8.29 65-199  5,68-8,25
30727952-43615 67-238 5.40-11.23 64-277  5.53-11.21  64-219  5,54-10.13

45%727952-43615 66-265 5.38-20.11 64-255  5.50-19.50  63-249  5.51-17.04

; Circular: . :
0735863 114-114 6.86-6,86 109-109  7.02-7.02 108-103  6,98-8.98
30735863 108-163  6.60-11.80 103-158 6.72-11.94 102-154  6.73-11.21
45735863 108-187  6.60-21.99 102-183 6.72-21.T2 102-181 6.73-20.45
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